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ABSTRACT 	 The	Batipa	Field	Institute	has	a	vision	to	grow	into	a	research	station	that	thrives	in	the	scientific	community	and	in	ecotourism.	The	goal	of	this	project	was	to	propose	designs	for	sustainable	energy	and	resource	utilization	for	implementation	at	the	institute.	The	final	designs	included	installing	a	photovoltaic	system	and	internet	connectivity,	utilizing	excess	teak	wood,	and	developing	a	concept	for	a	rainwater	harvesting	and	photovoltaic	support	structure.	This	was	accomplished	through	an	iterative	stakeholder	oriented	design	process	where	communication	allowed	for	the	narrowing	of	research	to	achieve	detailed	final	recommendations.					 	
		 	v	
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After	an	iterative	process	of	working	to	determine	our	sponsor’s	key	priorities,	depicted		above	in	Figure	ES	2,	we	identified	the	primary	needs	for	which	we	could	propose	design	solutions.		1. Photovoltaic	System	for	Cabimos	2. Wi-Fi	Internet	Connectivity	at	Cabimos	3. Utilization	of	Excess	Teak	Wood	




Wi-Fi Internet Connectivity at Cabimos The	implementation	of	Wi-Fi	at	Cabimos	would	make	progress	towards	achieving	a	connection	throughout	the	Peninsula	allowing	visitors	to	complete	tasks	requiring	internet.	There	are	two	main	options	providing	off	the	grid	solutions	for	wireless	internet:	mobile	Wi-Fi	hotspots	and	satellite	internet	dishes.	Both	options	provide	sufficient	connectivity	to	fulfil	the	expected	internet	demands	at	Cabimos	and	can	solely	run	off	solar	power.	However,	the	benefits	of	each	option	differ	mobile	Wi-Fi	hotspots	are	a	small-scale,	minimal	power	solution	while	satellite	internet	is	a	large-scale,	extensive	power	solution.	We	concluded	that	the	most	viable	option	would	be	mobile	Wi-Fi	hotspots	because	they	can	accommodate	the	current	internet	demands	as	well	as	being	a	financially	safe	option	without	as	many	contracts	and	components	as	a	satellite.	A	satellite	internet	dish	would	provide	a	more	stable	and	robust	connection,	however	its	bandwidth	and	signal	exceed	the	current	demands	at	Batipa.	Another	aspect	of	satellite	internet	to	consider	is	the	limited	signal	during	rainfall.	These	factors	result	in	satellite	internet	connections	not	being	a	viable	option	against	mobile	Wi-Fi	hotspots.	






Table	ES	2:	Important	components	to	consider	when	purchasing	a	wood	chipper	Component	 Recommendation	 Advantages	Feed	System	 Hydraulics	 Requires	less	effort	for	feeding	Gives	variable	feeding	speeds	Cutting	System	 Drum	 More	common	Creates	more	uniform	chips	Portability	 Tires	-Potential	Trailer	Attachment	 Easier	for	maintenance	Smaller	and	simpler	design	System	Controls	 Remote	control	(Optional)	 Increased	Operator	Safety	Loading	System	 Cab	with	loading	arm	(Optional)	 Increased	Operator	Safety	Increased	Speed	Chipping	Capacity	 Larger	than	recommended	 Increased	lifetime	of	machine	An	example	of	a	wood	chipper	that	our	team	thinks	would	be	a	good	fit	for	Batipa’s	needs	is	the	Morbark	BeeverTM	M20R	Forestry	Chipper,	seen	in	Figure	ES	3	below.	This	is	an	smaller	scale,	efficient	industrial	drum	chipper	that	is	portable	and	optimal	for	in-woods	chipping.	In	addition,	it	is	reinforced	in	critical	wear	areas	and	creates	wood	chips	that	have	the	potential	to	be	used	for	the	biomass	industry.	
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Objective 2: Understand Existing Infrastructure and Resources 




Objective 3: Identify Priority Design Areas Our	team	identified	the	most	beneficial	options	for	Batipa	to	satisfy	their	ideas	of	sustainable	ecological	research	and	ecotourism.	This	was	accomplished	by	researching	potential	technologies	to	provide	a	range	of	options	in	different	domains	to	generate	more	discussion	with	stakeholders	at	Oteima	and	further	refine	the	scope.	Our	research	followed	three	specific	design	criteria	in	the	initial	exploration	of	technologies.	The	designs	had	to	be	sustainable,	accessible	off	the	grid,	and	economically	feasible.	We	initially	narrowed	the	scope	of	our	research	to	only	focus	on	the	small	outpost	stations	that	will	be	located	throughout	the	peninsula.	Doing	so	allowed	us	to	investigate	every	concern	our	sponsor	had	on	a	manageable	scale	while	also	having	the	potential	to	be	applicable	to	larger	scale	projects	at	Batipa.	Limitations	of	Batipa	being	off	the	grid	and	very	remote	were	taken	into	account	to	provide	viable	options	to	ensure	everything	proposed	could	be	implemented.	We	considered	the	limitations	by	researching	the	advantages	and	disadvantages	in	terms	of	implementation,	cost,	and	significance	for	specifically:	water,	waste,	power,	connectivity,	and	biomass.	In	our	role	as	acting	as	consultants	for	Batipa,	it	was	necessary	to	maintain	clear	communication	with	the	stakeholders.	To	do	this,	our	group	presented	our	initial	findings	at	Oteima	University	about	off	the	grid	water,	energy,	and	waste	design	options	at	the	end	of	our	10	day	visit.	In	this	presentation,	we	discussed	the	preliminary	proposals	along	with	in-depth	explanations	of	the	benefits	of	implementation.		Following	our	presentation,	we	held	a	discussion	of	our	sponsor’s	perceptions	of	our	research	to	learn	what	interested	them	and	what	they	wanted	us	to	research	more	in-depth.	Two	of	the	key	stakeholders	were	present,	Dr.	Francisco	Ugel	and	Mr.	Luis	Antonio	Ríos	Gnaegi,	so	we	were	able	to	immediately	hear	their	opinions.	We	reached	out	to	Mr.	Héctor	Palacios	later	to	inform	him	of	our	research	direction.	The	stakeholders	discussion	defined	the	scope	of	our	project.		
		 	19	
Objective 4: Develop Design Options for Batipa Our	team	spent	the	next	few	weeks	finding	and	recording	as	much	in-depth	research	as	possible	with	the	intention	of	delivering	specific	design	solutions	to	be	implemented	on	the	peninsula	of	Batipa.	The	targeted	areas	of	design	were:	
● The	necessary	photovoltaic	system	at	Cabimos	
● Implementation	of	Wi-Fi	at	Cabimos	






























Finding 2: Existing Infrastructure and Resources at Batipa 























ANALYSIS AND RECOMMENDATIONS 	
	Figure	25:	Graphic	showing	proposed	solutions	for	Batipa	(Scammon,	2017)		 This	section	presents	our	final	design	recommendations	as	depicted	above	in	Figure	25.	We	came	to	these	recommendations	after	performing	extensive	research	and	analyzing	what	we	had	learned	about	our	sponsor’s	goals.	We	have	listed	our	final	recommendations	for	the	implementation	of	a	photovoltaic	system	and	Wi-Fi	internet	connectivity	as	well	as	the	utilization	of	the	excess	teak	wood.	In	addition,	we	have	laid	out	the	concept	idea	for	a	rainwater	catchment	and	solar	panel	housing	structure.		




Sizing the Solar Panel We	needed	to	determine	the	correct	size	of	solar	panel	for	Cabimos	given	its	intended	electrical	use.	Three	scenarios	were	analyzed	and	categorized	as	a	low,	medium,	and	high	power	demand	based	off	of	different	combinations	of	technology	that	could	be	implemented	at	Cabimos.	An	example	a	potential	scenario	can	be	seen	in	Figure	26	above.	In	each	of	these	scenarios,	the	recommended	solar	panel	size	is	able	to	support	a	system	that	provides	lighting,	internet,	and	a	charging	station	for	either	phones	or	laptops	for	a	day	and	a	half	of	no	sunlight.	These	three	options	shed	light	on	how	drastically	system	demands	fluctuate	when	using	different	appliances	to	accomplish	the	same	goal.	The	total	required	energy	needed	to	power	the	full	photovoltaic	system	in	each	of	these	cases	is	dependent	upon	each	appliance’s	wattage	and	the	time	of	expected	hours	of	daily	use.	To	be	safe,	the	amount	of	power	estimated	for	each	appliance	is	rounded	upwards	to	provide	a	guard	band.		
Figure	26:	Rendering	of	Cabimos	implementing	a	potential	photovoltaic	system	(Scammon,	2017)	
		 	32	
Table	2:	The	low	power	scenario	appliance	daily	energy	demand	Appliance	 Power	Demand	 Daily	Hours		of	Use	 Energy	Needed	Three	LED	Light	Bulbs	 30	W	 12	Hours	 360	Wh	One	Wi-Fi	Hotspot	 4.5	W	 24	Hours	 108	Wh	Two	Phone	Chargers	with	phones	 12	W	 12	Hours	 144	Wh	Two	Phone	Chargers	without	phones	 1	W	 12	Hours	 12	Wh	Total	Energy	 -	 -	 624	Wh		 The	low	power	option	for	Cabimos	in	Table	2	above	shows	that	the	daily	energy	demand	to	power	the	listed	devices	is	624	Watt	hours.	In	order	to	provide	power	for	a	worst	case	scenarios	of	one	and	a	half	days	without	sunlight,	a	24	Volt,	200W	panel	will	need	to	be	used	in	conjunction	with	a	24	Voltage,	94	amp	hour	battery	bank	and	a	charge	controller	that	can	support	up	to	9	amps.		Table	3:	The	medium	power	scenario	appliance	daily	energy	demand	Appliance	 Power	Demand	 Daily	Hours	of	Use	 Energy	Needed	Three	LED	Light	Bulbs	 30	W		 12	Hours	 360	Wh	One	Wi-Fi	Hotspot	 4.5	W	 24	Hours	 108	Wh	Two	Laptop	Chargers	 140	W	 4	Hours	 560	Wh	Total	Energy	 -	 -	 1028	Wh	or	1.028	kWh	
	 The	medium	power	option	for	Cabimos	in	Table	3	above	shows	that	the	daily	energy	demand	to	power	the	listed	devices	is	1,028	Watt	hours.	In	order	to	provide	power	for	a	worst	case	scenarios	of	one	and	a	half	days	without	sunlight,	either	two	24	Volt,	150	Watt	or	one	24	Volt,	300	Watt	panel	will	need	to	be	used	in	conjunction	with	a	24	Voltage,	154	amp	hour	battery	bank	and	a	charge	controller	that	can	support	up	to	18	amps.		Table	4:	The	high	power	scenario	appliance	daily	energy	demand	Appliance	 Power	Demand	 Daily	Hours	of	Use	 Energy	Needed	Three	LED	Light	Bulbs	 30	W	 12	Hours	 360	Wh	Satellite	Dish	 70	W	 24	Hours	 1680	Wh	Router	 6	W	 24	Hours	 144	Wh	Modem	 9	W	 24	Hours	 216	Wh	Two	Laptop	Chargers	 140	W	 4	Hours	 560	Wh	Total	Energy	 -	 -	 2,960	Wh	or	2.96	kWh			
		 	33	
The	high	power	option	for	Cabimos	in	Table	4	above	shows	that	the	daily	energy	demand	to	power	the	listed	devices	is	2,096	Watt	hours.	In	order	to	provide	power	for	a	worst	case	scenarios	of	one	and	a	half	days	without	sunlight,	four	24	Volt,	215	Watt	panels	will	need	to	be	used	in	conjunction	with	a	24	Voltage,	443	amp	hour	battery	bank	and	a	charge	controller	that	can	support	up	to	36	amps.			 The	daily	energy	demands	can	vary	by	approximately	5	times	between	the	low	and	high	power	scenarios.	Each	of	the	scenarios	above	were	determined	using	the	altEStore	website’s	Off-Grid	Solar	Panel	System	Calculator	to	get	the	recommended	size	of	solar	panel,	size	of	the	battery	bank,	and	current	capacity	of	a	charge	controller	given	the	daily	energy	demand	and	how	many	days	without	sunlight	(Beaudet,	2017).		
Deep Cycle Batteries 	 There	are	five	types	of	deep	cycle	batteries	(lithium,	flooded	lead	acid,	sealed	AGM,	sealed	gel,	and	saltwater	batteries)	that	could	potentially	work	in	a	photovoltaic	system.	We	learned	through	research	that	the	flooded	lead	acid	batteries	and	lithium	batteries	are	the	most	used	and	cost	effective	options.	The	flooded	lead	acid	batteries	are	much	cheaper	than	the	lithium	batteries,	but	they	only	last,	on	average,	a	third	of	the	time.	The	flooded	lead	acid	batteries’	lifespan	solely	depends	on	the	percentage	they	are	discharged.	The	longest	lifespan	can	be	obtained	by	discharging	them	down	a	maximum	of	20%.	Even	though	this	prolongs	the	lifespan,	it	is	not	always	the	most	economical	choice	because	this	means	you	will	require	more	batteries	in	your	total	system	(Beaudet,	2017).	.	Lithium	batteries	can	be	discharged	down	100%	multiple	times,	but	it	is	more	cost	effective	to	discharge	them	down	to	80%.	So	not	only	do	the	lithium	batteries	last	three	times	longer	than	lead,	they	can	also	use	more	of	their	stored	power	without	damaging	the	battery.	This	has	extreme	economic	benefits	for	systems	built	to	last	for	many	years.	Table	5:	Analysis	of	lead	and	lithium	batteries	storage	of	power	in	a	system	with	a	PWM	charge	controller	Battery	Name	 Number	 Lifespan	 Price	 Price	Per	Year	Lead	T105	 4	 8.22	yrs	 $632.48	 $76.94	Lithium	SimpliPhi	1310Wh		 1	 27.4	yrs	 $1745.00	 $63.69		
		 	34	
Table	5	above	shows	that	even	though	the	flooded	lead	batteries	are	cheaper,	they	end	up	being	more	expensive	over	time	because	all	four	batteries	will	be	replaced	three	times	before	needing	to	replace	the	lithium	battery	once.	In	order	to	get	the	8.22	years	of	life	out	of	the	flooded	lead	acid	batteries,	constant	maintenance	and	upkeep	of	the	batteries	is	required.	The	lithium	battery	requires	no	maintenance	to	ensure	it	survives	its	27.4	years.	For	these	reasons,	we	would	recommend	investing	more	money	initially	to	get	the	lithium	batteries.		
Charge Controllers: 	 When	installing	a	full	photovoltaic	system,	it	is	essential	to	install	a	charge	controller	in	order	“to	optimize	the	charging	of	your	deep	cycle	batteries	[and	to]	prevent	electricity	from	the	batteries	from	going	through	the	solar	panels	when	there	is	no	sun”	(Beaudet,	2017).	Pulse	Width	Modulation	(PWM)	and	Maximum	Power	Point	Tracking	(MPPT)	charge	controllers	are	the	two	options	for	a	charge	controller.	The	PWM	charge	controller	is	less	efficient	and	cheaper	than	the	MPPT.	Even	though	they	are	more	expensive,	the	MPPT	controllers	detect	the	optimum	operating	voltage	and	amperage	of	the	solar	panel	array	and	match	that	with	the	battery	bank.	This	more	exclusive	system	results	in	an	additional	15%	to	30%	more	power	collected	from	the	full	solar	array.				 The	example	above	in	Table	5	showed	the	total	number	of	lead	and	lithium	batteries	for	a	system	using	a	PWM	charge	controller.	Table	6	below	shows	the	same	system	with	the	only	difference	being	a	MPPT	charge	controller.	Comparing	these	two	tables	shows	how	using	a	MPPT	charge	controller	can	reduce	the	amount	of	batteries,	and	therefore	cost,	required	to	power	the	same	system.		Table	6:	Analysis	of	lead	and	lithium	batteries	storage	of	power	in	a	system	with	a	MPPT	charge	controller	
Using	a	MPPT	charge	controller	would	cut	the	cost	of	lead	batteries	needed	in	the	system	by	half	and	it	also	would	reduce	the	cost	of	lithium	batteries	per	year	by	approximately	33%.	It	is	also	apparent	when	comparing	Table	5	and	Table	6	that	the	











Achieving Connectivity at Cabimos After	researching	possible	methods	for	the	implementation	of	Wi-Fi	at	Cabimos,	we	concluded	there	are	two	main	options	to	provide	an	off	the	grid	solution:	mobile	Wi-Fi	hotspots	and	satellite	internet	dishes.	Both	options	provide	sufficient	connectivity	to	fulfil	Batipa’s	current	internet	demand	and	can	run	off	solar	power.	However,	the	benefits	of	each	option	differ	as	mobile	Wi-Fi	hotspots	are	a	small-scale	solution	while	satellite	internet	is	a	large-scale	option.		
Internet Demands 	 The	first	step	we	took	into	consideration	for	implementing	Wi-Fi	at	Cabimos	was	estimating	the	demands	for	internet.	For	the	current	state	of	the	Batipa	Field	Institute,	we	made	some	assumptions	shown	in	Table	7	below	to	get	a	rough	estimate	of	the	required	internet	speeds.	These	assumptions	included	the	amount	of	activity	for	the	Wi-Fi,	the	reliability,	and	the	number	of	users	expected	at	Cabimos.	Using	an	online	bandwidth	calculator,	we	obtained	an	estimated	value	of	1-6	Mbps	("Bandwidth	Calculator",	2017).	This	gave	us	a	general	understanding	of	a	sufficient	download	speed	that	would	fulfil	the	demands	at	Cabimos.	Table	7:	Assumptions	made	to	calculate	Cabimos	internet	demands	
	
Activity	 Reliability	 Users	Web	Browsing	 Should	meet	demands	 Minimum:	 1	User	Moderate	Emailing	 Not	much	maintenance	 Average:	 ~4	Visitors	Minimal	Download	Minimal	Streaming	 		 Overnight:	 8	Bunks	Light	 Decent	 Low	
		 	37	
Mobile Wi-Fi Hotspot 	 A	mobile	Wi-Fi	Hotspot	is	a	small	device	that	creates	a	wireless	signal	by	connecting	to	a	cellular	signal,	such	as	3G	or	4G,	and	converting	it	into	wireless	internet.	They	run	off	a	battery	that	can	be	plugged	in	for	continuous	use	and	require	a	SIM	card	with	a	Data	Plan.	There	are	two	main	aspects	to	implementing	a	mobile	Wi-Fi	hotspot	at	Cabimos:	the	cellular	signal	provider	and	mobile	device.	Each	aspect	has	several	options	that	provide	different	benefits,	explained	throughout	this	section.		
Cellular Provider The	main	factors	to	consider	when	selecting	a	cellular	provider	consist	of	the	signal	coverage	and	offered	data	plans.	Within	Panama	there	are	four	main	cellular	providers	being	+Movil,	Claro,	Digicel,	and	Movistar.	Our	research	focused	on	finding	a	cellular	provider	whose	coverage	is	available	at	Batipa	with	a	sufficient	speed	and	reasonable	data	plans.	 For	cellular	coverage,	we	analyzed	the	coverage	maps	provided	by	AT&T	of	each	provider	to	get	an	understanding	of	which	would	offer	the	strongest	signal	at	Batipa.	Out	of	the	four	providers,	the	one	who	fully	covers	the	Batipa	Peninsula	is	Digicel.	Although	the	coverage	maps	analyzed	are	only	representative	of	a	2G	signal,	they	can	be	used	to	get	a	general	understanding	of	which	signal	would	provide	the	most	strength	at	Batipa.	Digicel’s	abundant	coverage	indicates	they	have	the	most	infrastructure	and	resources	to	provide	a	stable	connection	for	Batipa	("GSM	Coverage	Maps",	2015).			The	next	factor	when	considering	a	cellular	provider	is	the	data	plan.	There	are	two	main	payment	methods	for	data	plans,	prepaid	and	postpaid.	Based	upon	data	plans	offered	as	of	October	5th,	2017,	postpaid	methods	are	the	most	beneficial	as	they	offer	better	pricing	for	every	gigabyte	and	larger	amounts	of	data.	The	full	list	of	every	data	plans	offered	by	these	four	providers	is	featured	in	Appendix	E	while	a	summarized	table	of	the	most	applicable	plans	is	featured	below	in	Table	8.			
		 	38	










Utilization of Excess Teak Wood It	was	quite	difficult	to	find	information	on	the	utilization	or	elimination	of	excess	wood	in	an	industrial	setting,	as	no	tree	plantation	was	able	to	respond	to	us	and	there	was	limited	information	to	be	found	through	market	research.	However,	after	extensive	research	we	determined	that	the	best	method	for	us	to	propose	was	for	the	scraps	to	be	put	through	a	wood	chipper.	Our	team	decided	to	propose	this	solution	even	knowing	that	a	wood	chipper	represents	an	upfront	investment	and	that	our	sponsor	stated	interest	in	avoiding	the	purchase	of	a	chipper,	as	it	emerged	from	our	analysis	as	the	best	option.		


























Conceptual Design for a Structure Utilizing Teak 	 Our	team	developed	a	conceptual	design	for	an	elevated	structure	that	maximizes	the	potential	for	rainwater	harvesting	and	the	use	of	a	photovoltaic	system	at	the	outpost	stations.	This	structure,	depicted	in	Figure	35,	also	contributes	to	our	sponsor’s	goal	of	utilizing	excess	teakwood.		
		 	48	
	Figure	35:	Elevation	and	Section	Views	of	structure	concept.	(Konsko,	2017)	The	structure	is	surrounded	by	a	teak	facade	which	contributes	to	our	sponsor’s	goal	of	utilizing	excess	teak	wood.	An	objective	of	this	design	is	to	provide	a	large	enough	catchment	surface	for	rainwater	collection	to	be	a	viable	water	source	at	the	outpost	stations.	A	solar	panel	positioned	at	the	top	of	the	structure	would	maximize	energy	collection	in	more	remote,	wooded	areas.	To	develop	this,	we	conducted	research	into	rainwater	harvesting	systems,	power	demand,	and	created	detailed	models	of	our	concept.	







Rainwater	Calculation	Formula	Vsupply	=	A	x	P	x	C	x	0.623	Vsupply	=	 volume	of	available	water	(gal)	P	=	 precipitation	(in)	A	=	 collection	surface	(ft2)	C	=	 runoff	coefficient	(dimensionless)		In	our	calculations,	we	used	precipitation	data	from	ETESA’s	San	Lorenzo	Station	located	on	the	Batipa	Peninsula	to	determine	the	yearly	volume	of	water	available	as	well	as	the	amount	of	water	available	per	month.	We	also	assumed	that	the	catchment	surface	used	would	be	metal,	due	to	the	use	of	corrugated	steel	in	the	stations,	and	the	availability	of	data	for	a	runoff	coefficient.	Another	option	for	a	catchment	surface	would	be	a	UV	resistant,	non-toxic	tarp.	If	a	tarp	were	to	be	used,	a	runoff	coefficient	for	the	surface	would	have	to	be	determined	in	order	to	have	a	more	accurate	calculation	of	the	amount	of	rainwater	to	be	stored.	Assuming	the	demand	for	water	at	each	outpost	station	is	1200	gallons	per	year,	a	36	ft2	catchment	surface	area	could	provide	almost	3000	gal	per	year,	given	the	annual	average	rainfall	of	140	in	is	met.	These	calculations	are	shown	in	Appendix	G.				Using	the	rainwater	calculation	formula	to	determine	the	amount	of	water	collected	per	month	gives	an	indication	of	how	much	water	will	be	available	in	the	rainy	season	(May	-	October)	and	the	dry	season	(November	-	April)	(Empresa	de	Transmisión	Eléctrica,	
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1998).	The	results	are	depicted	below	in	Table	9	.	The	value	calculated	for	the	volume	available	(Vsupply)	will	be	used	to	size	the	rainwater	storage	system.		Table	9:	Calculated	water	supply	at	Batipa	by	month.	Monthly	rainfall	data	retrieved	from	http://www.hidromet.com.pa/clima_historicos.php?sensor=2		Month	 P(in)	 C	(metal)	 A	(ft^2)	 Vsupply	(gal)	Jan.	 1.5	 0.95	 36	 32.0	Feb.	 0.5	 0.95	 36	 10.7	March	 2.5	 0.95	 36	 53.3	April	 5	 0.95	 36	 106.5	May	 16.5	 0.95	 36	 351.6	June	 17	 0.95	 36	 362.2	July	 15	 0.95	 36	 319.6	Aug.		 19	 0.95	 36	 404.8	Sept.		 21	 0.95	 36	 447.4	Oct.	 24.5	 0.95	 36	 522.0	Nov.	 14.6	 0.95	 36	 311.1	Dec.	 3.3	 0.95	 36	 70.3	
	





5. Distribution and Purification:	The	next	step	for	providing	accessible	drinking	water	at	the	outpost	stations	would	be	to	design	a	delivery	and	filtration	system.	The	delivery	system	would	need	to	transfer	water	from	the	structure	to	the	outpost	station,	and	would	be	designed	on	a	case	by	case	basis.	Local	plumbing	codes	would	need	to	be	consulted	to	ensure	the	fixtures	used	are	able	to	deliver	an	appropriate	amount	of	flow	and	pressure.	In	order	for	the	rainwater	to	be	converted	into	drinkable	water,	it	would	have	to	go	through	a	final	filtration	phase.	Whatever	filtration	system	Batipa	chooses	will	have	to	filter	the	contaminants	present	to	meet	drinking	water	standards.	There	is	currently	a	SAF	H2O	Survivor	emergency	electric	filter	at	Batipa	that	can	filter	180	gph	and	draws	14	Watts.	Something	like	this	could	be	implemented	at	each	of	the	stations.	The	solar	panel	incorporated	into	the	structure	could	be	sized	to	meet	the	power	demand	for	the	filter.	
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Solar Component of Structure Concept In	order	to	maximize	the	potential	for	solar	power	at	the	outpost	stations,	the	solar	panel	would	need	to	be	elevated	enough	to	reduce	the	amount	of	shade	from	tree	cover.	In	our	structure	concept,	a	solar	panel	could	be	mounted	above	the	catchment	surface,	to	the	side	or	on	top	of	one	of	the	internal	structural	members.	A	consideration	for	further	development	of	this	concept	would	be	to	determine	an	efficient	method	for	performing	maintenance	on	the	panel	at	this	location.	In	order	to	prove	the	effectiveness	of	providing	solar	power	at	the	outpost	stations,	we	determined	the	estimated	energy	demand	at	each	station,	which	is	shown	in	Table	10.		Table	10:	Estimated	Energy	Demand	at	Outpost	Stations	Item	 Power	Draw	 Time	Used	 Energy	Demand	LED	Light	Bulb	 10	W	 10	hours	 100	Wh	Wi-Fi	Hotspot	 4.5	W	 24	hours	 108	Wh	Tablet	 12	W	 8	hours	 96	Wh	Compost	Fan	 4	W	 24	hours	 96	Wh	3	Laptop	Chargers	 210	W	 4	hours	 840	Wh	Total	 240.5	w	 -	 1.240	kWh	The	items	included	in	these	calculations	would	help	facilitate	the	comfort	and	connectivity	for	individuals	using	the	outpost	stations.	It	includes	a	tablet	and	Wi-Fi	hotspot	to	allow	personnel	to	upload	research	or	data	materials	while	in	the	field.	The	tablet	would	also	be	used	to	provide	an	interactive	map	with	data	and	information	about	the	site.	A	composting	fan	was	included	to	take	into	consideration	the	energy	demand	for	maintaining	a	waterless,	composting	toilet	to	eliminate	waste	at	the	stations.	Using	the	calculator	on	altEstore’s	website,	we	were	able	to	determine	that	two	24	Volt	180	Watt	panels	would	meet	these	needs	under	a	worst	case	scenario	of	a	day	and	a	half	of	no	sunlight.		
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Teak Facade Component of Structure Concept The	internal	systems	would	be	enclosed	by	a	façade	of	teak	tree	trimmings	to	provide	an	aesthetically	pleasing	appearance,	as	well	as	utilize	the	abundance	of	teak	scraps	left	behind	each	harvesting	season.	The	size	of	the	teak	scraps	for	the	façade	is	flexible,	and	can	be	adjusted	depending	on	the	size	of	trimmings	available.	Some	next	steps	for	developing	this	concept	could	be	to	determine	how	the	teak	trimmings	could	be	connected	or	woven	together	to	form	a	uniform	facade	as	well	as	how	the	teak	facade	could	be	connected	or	hung	to	the	internal	members.						 	
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CONCLUSION 		 All	of	the	designs	and	resource	management	strategies	were	proposed	for	use	at	Batipa.	In	our	time	working	with	Oteima	University,	our	team	provided	thoughtful	recommendations	based	on	a	stakeholder	oriented	design	approach.	Batipa’s	stakeholders	comprised	of	multiple	individuals	with	varying	backgrounds	and	fields	of	expertise.		When	proposing	a	photovoltaic	system	for	Cabimos,	we	recommended	a	solar	panel	size	and	its	accompanying	batteries,	charge	controller,	and	inverter.	We	presented	various	options	for	short	and	long	term	systems	dependent	upon	the	batteries	selected.	The	flooded	lead	acid	system	will	need	new	batteries	roughly	every	8	years	whereas	the	lithium	system	will	need	its	batteries	replaced	once	every	27	years.	As	part	of	the	photovoltaic	system	we	suggested	options	for	implementing	internet	connectivity.	The	first	option	of	a	Wi-Fi	hotspot	was	more	feasible	for	near-term	application.	The	second	option	of	a	satellite	was	shown	to	be	better	for	the	future	when	there	would	be	a	greater	connectivity	need.	Proposing	a	wood	chipper	to	aid	in	the	utilization	of	the	excess	teak	wood	was	a	solution	that	would	have	both	immediate	and	future	impacts.	Our	team	laid	out	many	options	for	the	use	of	chips	from	selling	them	for	money	to	long-term	energy	production.	In	addition,	we	discussed	using	biodiesel	to	increase	the	sustainability	of	the	chipper.	The	last	proposed	design	was	a	concept	of	a	combined	rainwater	harvesting	system	and	photovoltaic	support	structure.	This	structure	would	be	useful	for	implementation	at	the	future	outpost	stations	to	provide	energy	and	water.		Our	team	was	able	to	successfully	propose	designs	for	implementation	at	Batipa	that	were	sustainable,	off	the	grid,	environmentally	friendly,	and	economically	feasible.	In	all	of	our	proposals,	we	adopted	design	principles	for	larger	capacity	with	higher	initial	investments	in	the	interests	of	sustainability.	Our	recommendations	gave	our	sponsor	a	large	base	of	information	to	potentially	implement	any	of	these	designs.				 	
		 	56	
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APPENDIX A: RENEWABLE ENERGY SOURCES A	comparison	chart	of	advantages	and	disadvantages	of	different	types	of	renewable	energy	sources	for	the	Batipa	Peninsula. 







• Wind	speeds	not	high	enough	near	Batipa	Hydro	(Water)	 • Common	around	the	world	
• Energy	conversion	is	easy	
• Safe	 • No	running	water	in	Batipa	in	dry	season	• Can	harm	aquatic	habitats	
• Many	parts	






• Potent	in	volcanic	regions	 • Expensive	• Many	parts	
• Digging	can	be	harmful	to	habitats	









APPENDIX B: SUPPLEMENTAL ENERGY RESEARCH 
Geothermal Energy: 									 Geothermal	energy	is	energy	created	from	use	of	the	heat	inside	the	surface	of	the	Earth.	There	are	two	types	of	geothermal	power	plants,	one	is	called	hydrothermal	or	flash	steam	and	the	other	is	called	binary	cycle.	Both	are	very	similar,	the	only	significant	difference	is	that	hydrothermal	plants	use	heated	water	pools	from	underneath	the	Earth’s	surface,	while	binary	cycle	uses	water	to	heat	to	heat	another	fluid	with	a	lower	boiling	point	in	pipes	underneath	the	surface.	Both	plants	use	the	heated	fluid	to	create	steam	which	powers	a	steam	turbine	which	in	turn	is	then	used	to	run	a	generator,	creating	electricity	that	can	be	sent	out	of	the	plant	through	wires.	Figure	38	below	shows	a	diagram	of	a	plant.	Creating	enough	steam	to	generate	electricity	is	easier	the	hotter	the	water	or	rock	is,	and	these	are	usually	found	at	greater	depths	(National	Geographic	Society,	2012).	In	addition,	volcanic	regions	are	considered	to	be	very	useful	for	geothermal	energy.	In	areas	with	less	heat	it	is	often	common	water	to	be	heated	underground	and	then	either	used	directly	or	in	conjunction	with	a	heat	pump	to	heat	buildings.										 Unfortunately,	there	has	not	been	much	research	into	geothermal	technology	in	Central	America,	and	hydrothermal	remains	the	most	common	form	as	it	is	the	least	difficult	to	create	the	steam	for	energy	production.		
	 	Figure	38:	Diagram	showing	geothermal	energy	(University	of	Washington,	2016)	
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Biomass Energy: 									 Biomass	energy	or	bioenergy	is	the	energy	harnessed	from	the	breaking	down	of	organic	debris,	generally	from	plants.	There	are	four	main	types	of	bioenergy,	combustion,	gasification,	anaerobic	digesters,	and	pyrolysis	(U.S.	Department	of	Energy,	2016).	
Combustion: 									 Combustion	biomass	energy	is	the	simplest	type	to	produce	electricity.	It	is	most	common	to	use	dry	wood	chips	as	the	fuel.	The	bio-waste	is	fed	into	the	combustor	or	furnace	where	it	is	burned	alongside	excess	air	to	heat	water	in	a	boiler.	The	steam	that	is	created	in	this	boiler	is	fed	into	a	turbine	which	in	turn	powers	a	generator	to	create	electricity	(U.S.	Department	of	Energy,	2016).	
Gasification: 									 Gasification	is	very	similar	to	combustion	and	is	often	referred	to	as	a	cleaner	form	of	combustion.	The	downside	is	that	it	is	often	more	expensive	(U.S.	Department	of	Energy,	2016).	Gasification	is	described	as	the	conversion	of	solid	fuel	into	gas	by	partial	oxidation	at	elevated	temperatures.	Wood	chips	or	other	usable	bio-waste	are	superheated	in	a	low	oxygen	container	until	they	emit	a	gas.	The	gas	flows	into	a	boiler	where	more	oxygen	is	introduced	causing	the	gas	to	ignite.	Water	vapor	is	produced	from	the	ignited	gas	causes	the	water	in	the	boiler	to	heat.	Like	combustion,	the	water	vapor	is	used	to	power	a	turbine	which	in	turn	runs	a	generator	to	create	electricity.	It	is	cleaner	because	the	exhaust	from	the	wood	gas	circulates	through	a	separator	where	it	is	filtered	a	few	times	before	being	released	into	the	environment	(Biomass	at	Middlebury,	2017).	Unfortunately	a	few	studies	have	been	performed	on	the	feasibility	of	a	small-scale	gasification	plant	and	have	been	found	to	be	economically	unreasonable	(Fracaro,	Souza,	Medeiros,	and	Marques,	2011).	






APPENDIX C: OPTIONS FOR FUTURE 
AquaFresco In	2014,	the	winning	team	of	the	Massachusetts	Institute	of	Technology	MADMEC	competition	started	a	company	called	AquaFresco,	Inc.	with	the	intention	of	taking	their	lab	prototype	to	a	commercialized	product.	The	MADMEC	competition	involves	teams	of	MIT	students	designing	and	building	prototypes	for	societal	needs	such	as	energy	storage,	building	efficiency,	and	transportation.	The	AquaFresco	team	prototyped	a	laundry	washing	machine	that	recycled	over	90%	of	its	wastewater	and	soup	used.	After	winning	the	competition,	the	team	received	funding	to	share	its	product	with	the	world.	The	machine	was	pilot	tested	in	three	hotels	and	three	other	commercial	laundry	facilities.	Now,	the	team	is	looking	to	spread	the	machine	worldwide	to	make	washing	laundry	as	sustainable	as	possible	(AquaFresco,	2017).										 After	learning	about	Batipa’s	future	plans	to	have	dormitories	on	site	for	visiting	students	and	researchers,	our	team	decided	to	contact	AquaFresco.	We	knew	that	their	sustainable	washing	machine	would	be	a	great	help	to	Batipa	not	only	in	reducing	the	amount	of	water	used,	but	also	as	publicity	and	a	learning	experience.	The	AquaFresco	team	was	very	receptive	to	our	idea	of	installing	one	or	two	of	their	machines	at	Batipa.	However,	they	were	unable	to	tell	us	if	it	would	be	feasible	because	the	buildings	are	not	yet	in	place	at	Batipa.	In	the	future,	when	Batipa’s	plans	for	the	dormitories	have	come	to	life,	we	hope	that	Oteima	University	can	reach	out	again	to	AquaFresco	and	MIT	and	make	a	collaborative	effort	with	them	to	take	sustainability	in	Panama	to	the	next	level.		 	
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APPENDIX D: SOLAR MAINTENANCE & INFORMATION The	purpose	of	this	appendix	is	to	make	our	sponsor	and	other	readers	aware	of	the	necessary	maintenance	and	safety	measures	a	photovoltaic	system	requires.	If	these	factors	are	taken	into	consideration,	the	efficiency	and	lifespan	of	the	full	photovoltaic	system	can	be	optimized.		
Solar Panel 	 There	are	two	types	of	solar	panels	that	are	mass	produced	today:	monocrystalline	and	polycrystalline.	Polycrystalline	panels	have	been	looked	down	on	due	to	their	lower	efficiency	ratings	and	higher	losses	due	to	heat	when	compared	to	monocrystalline	panels.	With	the	advancement	of	modern	technology,	the	efficiency	of	producing	polycrystalline	panels	has	increased	significantly.	There	is	only	on	average	a	2%	efficiency	difference	between	the	types	of	panels	currently.	Polycrystalline	panels	are	typically	the	ideal	choice	for	solar	panels	now	because	they	are	cheaper	to	produce,	they	result	in	less	production	waste,	and	efficiency	differences	are	no	longer	significant	(Beaudet,	2017).	Some	important	tips	to	optimize	your	solar	panels	are:	cleaning	off	the	panel,	checking	the	voltage	output,	mounting	them	over	a	light	surface.	Cleaning	off	the	panel	regularly	is	essential	to	the	photovoltaic	system	because	a	dirty	or	shaded	solar	cell	deals	a	significant	blow	to	the	amount	of	energy	allowed	to	be	collected.	Checking	the	voltage	output	constantly	during	the	same	time	of	day	ensures	that	your	solar	panel	is	functioning	correctly.	If	there	is	an	unexpected	reading,	then	maintenance	can	be	performed	on	the	panel	before	any	permanent	damage	occurs.	Lastly,	mounting	a	solar	panel	on	top	and	around	a	light	colored	surface	allows	for	the	panel	to	collect	more	energy.	Light	colored	surfaces	reflect	sunlight	whereas	dark	colored	surfaces	absorb	sunlight.	Simply	placing	a	white	sheet	underneath	your	solar	panel	can	improve	your	solar	panel’s	energy	output.		








APPENDIX E: DATA PLANS All	data	plans	offered	by	the	four	providers	in	Panama	as	of	October,	2017.	
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APPENDIX F: MORBARK BEEVERTM M20R FORESTRY 
CHIPPER SPECIFICATIONS SHEET 	
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APPENDIX G: RAINWATER HARVESTING 





	 water	available	from	previous	month	(gal)	 +	 Vsupply	 -	 Demand	per	month	(gal)	 =	 leftover	per	month	(gal)	
Oct.	 0	 +	 520	 -	 100	 =	 420	
Nov.	 420	 +	 311	 -	 100	 =	 631	
Dec.	 631	 +	 70	 -	 100	 =	 601	
Jan.	 601	 +	 32	 -	 100	 =	 533	
Feb.	 533	 +	 11	 -	 100	 =	 444	
March	 444	 +	 53	 -	 100	 =	 397	
April	 397	 +	 106	 -	 100	 =	 403			
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APPENDIX H: PHOTOVOLTAIC SYSTEM COMPONENT 
ANALYSIS This	table	holds	the	information	for	all	the	used	batteries	in	the	following	analysis.	
	The	next	two	tables	hold	information	comparing:	The	difference	in	energy	requirements	and	cost	for	2	days	vs	1.5	days	without	sunlight	using	a	Modified	Sine	Wave	inverter,	the	total	cost	of	using	Lead	vs	Lithium	per	year	using	a	PWM	charge	controller	vs	a	MPPT	charge	controller.	
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	The	next	two	tables	hold	information	comparing:	The	difference	in	energy	requirements	and	cost	for	2	days	vs	1.5	days	without	sunlight	using	a	Pure	Sine	Wave	inverter,	the	total	cost	of	using	Lead	vs	Lithium	per	year	using	a	PWM	charge	controller	vs	a	MPPT	charge	controller.	
	
		
